The resonant Raman scattering in N-IR -UV range from amorphous hydrogenated carbon (a-C:H) reveal inclusions of trans-polyacetylene (trans-(CH) Excellent conductivity of trans-(CH) x due to strong electron-phonon (e-ph) and electron-electron coupling originating from delocalised π electrons and an effective lattice nonlinearity 3,4 and the large third-order nonlinear optical susceptibility that allows the chain to withstand high peak pump powers without damage to the sample, ensure considerable interest in this polymer as a non-linear optical material 5 .
MAIN TEXT
It is known that diamond-like carbon (DLC) can host a basic polymer, the trans isomer of polyacetylene (trans-(CH) x ) initially reported for CVD grown diamond 1 and later found in low temperature grown hydrogenated amorphous carbon (a-C:H) films 2 .
Excellent conductivity of trans-(CH) x due to strong electron-phonon (e-ph) and electron-electron coupling originating from delocalised π electrons and an effective lattice nonlinearity 3, 4 and the large third-order nonlinear optical susceptibility that allows the chain to withstand high peak pump powers without damage to the sample, ensure considerable interest in this polymer as a non-linear optical material 5 .
Achieving controlled inclusion of trans-(CH) x into host DLC has been difficult and only short (≤ 20 of C=C units) trans-(CH) x segments have been found to date 1, 6 .
Recently, Hu et al. 7, 8 demonstrated that variably bonded carbon atoms, including trans-(CH) x , can be incorporated on a carbon surface using ultra-short laser pulses.
Apart from trans-(CH) x segments DLC can also contain nanoparticles like carbon onions 9 or spherical nanocrystallites as reported by Chen et al. 10 . These greatly reduce internal stress and thus are favourable for tribological applications.
We present here a resonant Raman scattering (RRS) investigation of a-C:H films synthesised in a low temperature inductively coupled plasma (ICP) reactor 11 .
Although films are indeed of low stress and host trans-(CH) x chains of significant length (≤ 120 of C=C units), they also contain poly(p-phenylene vinylene) (PPV) valence bands of X-ray photoelectron spectra (Kratos Axis Ultra) determined the sp, sp 2 and sp 3 contents to be 2, 68 and 30 % respectively with the uncertainty of 1.25 %.
The sp-hybridised content was verified using Raman and FT-IR, and the sp 3 content using 244 nm Raman results 12 . Unpolarised Raman spectra (5.08 -1.58 eV) were 4 obtained ex situ at 293 K using 244, 532, 633 and 785 nm Renishaw instruments and 325 nm and 442 nm Kimmon Raman instruments. All excitation wavelengths excluding 785 nm were pulsed; the 785 nm was a continuous wavelength laser source.
The frequency-doubled Ar ion laser was used for 244 nm, He/Cd for 325 nm and 442 nm, the frequency-doubled YAG laser was used for 532 nm, He/Ne gas laser was used for 633 nm and a diode laser source was used for 785 nm excitations. All measurements were taken in dynamic mode where a specimen is moved linearly at speeds of ≤ 30 µm/s and laser power was kept < 1 mW minimizing thermal damage. This proved to be sufficient 3 to account for a double peak Raman structure. 20 is at 1145 cm -1 .
As ћω L energy increases all peaks shift to a higher frequency; DLC modes are obeying phonon confinement rules 12 , Fig. 2 (a) shows peak dispersion, ∆ω, the shift in peak position relative to the N-IR excitation peak position. 
